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DTICES *- 

in Patent Office is not responsible for any 
siges caused by the use of this translation. 

lis document has been translated by computer. So the translation may not reflect the original precisely. 
** shows the word which can not be translated, 
the drawings, any words are not translated. 



i^IMS , ^ 

dm^ll The oxide ceramics which consist of the perovskite mold crystal structure which shows piezoelectric [of 1-8 
rometers of mean diameters ] are made into the main phase, aluminum 203 with a mean particle diameter of 0.5 
rometers or less, MgO. Zr02, AgO, It is the high endurance piezo-electricity compound ceramics which contams at 

one sort of pai^iclJs chosen from from among Ag and Pt at a 0.1 - 5.0vol% rate. By mm m 2kV /by repeat 
ression to the direction of polarization of the high-tension sine wave of IkHz High endwance piezo-electncity 
ipound ceramics characterized by time amount until it results in fracture or destruction being 1 00 hours or more, 
lim 2] High endurance piezo-electricity compound ceramics according to claim 1 charactenzed by 5 /o or more 
sisting of transgranular fracture sides in the fracture surface by said fracttire or destruction. 

iSi 3] mean pSicle diameter is 0.5 micrometers or less, and is 0.1 - 5.0vol% - at least - aluminum 203 - The lead 
em perovskite structure mold electrostrictive ceramics mixing powder of 1 micrometer or less of mean diameters 
1 which MeO Zr02, and the powder containing one or more sorts of AgO, Ag, and Pt were added The manufacture 
roach of the high endurance piezo-electricity compound ceramics according to claim 1 charactenzed by cormng and 
ricating, carrying out temperature up to the temperature of 800-1300 degrees C in an oxidizing atmosphere, holding 
0.5 to 4 hours, and making it sinter. 
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TAILED DESCRIPTION 



tailed Description of the Invention] 

^Id of the Invention] This invention relates to the high endurance electrostrictive ceramics excellent in the repeat 
gue property suitable for an electrostrictive actuator, and its manufacture approach especially m more detail about 
electrostrictive ceramics which has the outstanding piezo-electric property and high endurance. 
02] 

iscription of the Prior Art] As the ingredient used for an electrostrictive actuator from the former, PbZr03-PbTi03 
porcelain constituent used as the principal component uses -- having - **** - this -- Nb 205 Mn02 etc. -- a 
Jllic oxide and Pb(Nb2 / 3 Mg 1/3) 03 Pb(Nb2 / 3 Co 1/3) 03 etc. - improvement ^ piezo-electoc prye^^ is 
ieved by adding a compound perovskite oxide or permuting. For example, in JP,54-36756,B, it is Pb(Nb2 / 3 bn 1/3) 
■PbZr03-PbTi03. The piezoelectric-ceramics constituent of a system is indicated. Since an operating environment 
kes such electrostrictive ceramics especially generate distortion with the electrical potential difference of a repeat for 
jctuator application not to mention electric properties, such as a piezo-electric property and a displacement property, 
ng searched for, it is called on for the high endurance electrostrictive actuator which is excellent in especially the 
eat fatigue property by electrical-potential-difference induction. The technique from the standpoint of making 
tide size of a sintered compact small and improving a mechanical strength as the technique of raising a fatigue-proof 
perty to such a demand using impalpable powder as a raw material, and Zr02 The method of adding additives, such 
iber and a SiC particle, etc. is proposed (for example, Jpn.J.Appl.Phys.Vol.34 (1995), p.p.5276-5278). . 
03] However, by the technique of only making particle size of a sintered compact small, there was a problem on 
ich the fundamental property required of electrostrictive ceramics, such as a dielectric constant and an 
-tromechanical coupling coefficient, deteriorates. And by the above-mentioned technique, the improvement of a 
eat fatigue property was small above all. Moreover, Zr02 By the consolidation approach by compound-izing of fiber, 
iC particle etc., although a mechanical strength improves, in order for a degree of sintering to fall, the sintenng 
)roach is limited to a hotpress, or baking of long duration is needed in the conventional baking with an elevated 
iperature and degradation of the piezo-electric property by decomposition of PbO etc. poses a problem. Moreover, 
electromechanical coupling coefficient deteriorates substantially simultaneously. Furthermore, about compound- 
tion of the particle mentioned above, while the very small crack etc. arose and the piezo-electric property fell mto the 
amies in connection with the repeat deformation by electric-field induction, there was a problem that mechanical 
)endability ~ porcelain breaks depending on the case ~ was spoiled. Therefore, coexistence of a dielectric constant 
piezo-electric property of an electromechanical coupling coefficient, and endurance was dramatically difficult until 

'oblem(s) to be Solved by the Invention] In such a situation, this invention person etc. notes that fatigue breaking 
'urs with a grain boundary as the starting point in view of these results. As a result of repeating examination 
'oleheartedly in order to raise the repeat fatigue property by electric-field induction By recognizing optimum dose 
stence of the 2nd phase which consists of a different specific component from the main phase which especially the 
ne for which the grain boundary of electrostrictive ceramics is strengthened becomes from the perovskite mold ^ 
'stal structure which is effective and shows piezoelectric A grain boundary is strengthened easily, and it traces that the 
lurance especially over fatigue improves, and came to complete this invention for research in piles further. Namely, 
s invention aims at offering the piezo-electric compound ceramics which has the outstanding high endurance, and its 
mufacture approach, maintaining a piezo-electric high property. 
)05] 
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ans for Sdiving'tlie Problem] This invention for solving the above-mentioned technical problem consists of the 

wine technical means. .1.^ , . * i_ 

v4ake into the main phase the oxide ceramics which consist of the perovskite mold crystal structure which shows 
oelectric [ of 1 -8 micrometers of mean diameters ]. aluminum 203 with a mean particle diameter of 0.5 
-ometers or less MeO Zr02, AgO, It is the high endurance piezo-electricity compound ceramics which contains at 
t^fs^of r^ils c^ from among Ag and Pt at a 0.1 - 5.0volo/o rate. By mm in 2kV /by repeat 

ression to the direction of polarization of the high-tension sine wave of IkHz High endurance piezo-electncity 
Sund c^amics characterized by time amount until it results in fracture or destruction being 100 hours or more. 
Lh endurance piezo-electricity compound ceramics of the above (1) charactenzed by 5% or more consisting of 
seranular fracture sides in the fracture surface by said fracture or destruction. -ru i ^ 

n?an particle diameter is 0.5 micrometers or less, and is 0.1 - 5.0vol% - at least - aluminum 203 - The lead 
em uerovskite structure mold electrostrictive ceramics mixing powder of 1 micrometer or less of mean diameters 
^wWch MgO Zr02, and the powder containing one or more sorts of AgO, Ag, and Pt were added The manufacture 
-oach of the high endurance piezo-electricity compound ceramics the above (1) charactenzed by coming and 
i^ating, carrying out temperature up to the temperature of 800-1300 degrees C in an oxidizing atmosphere, holding 
3.5 to 4 hours, and making it sinter. 

!bodiment of the Invention] Next, this invention is further explained to a detail. The electrosfrictive ceramics of this 
•ntion consists of a perovskite mold oxide crystal with a mean particle diameter of 1-8 micrometers which is die 
'o-electric particle represented by crystal [ which consists of aluminum 203 with a mean parhcle diameter of 0.5 
rometers or less MgO Zr02, and at least one sort of particles chosen from from among AgO, Ag and Pt ] 0.1 - 
/ol% and PbZr63-Pbf i03 (PZT). At this time, high endurance is not acquired in the condition that it is important 
the fracture surface that transgranular fracture is seen 5% or more at the rate of surface ratio, and the rate of surface 
D which shows perfect intergranular fracture or transgranular fracture is smaller than 5%. The fracture surface here 
Its out the thing of the fracmre surface of the sample destroyed the instancy of the bending test shown in JISR-1601 
ie or the biaxial bending test using a disk. , „ ^. ^r, * n- 

071It is desirable to conlist of a perovskite mold crystal which contains Pb, Zr, Ti, Nb, Sb, and Cr as a metalhc 
nent as piezoelectric crystal which constitutes the elecfrostrictive ceramics of this invention. The elecfrostnctive 
imics in which this contains Pb, Zr, Ti, Nb, Sb, and Cr as a metallic element in this way has a hi^ electromechanical 
nline coefficient and it is because it has the outstanding piezo-electric property. Specifically as these peroyskite 
i?ox1de c^^^^^^^^^^ are Pb(Zr0.5 TiO.5) 03, PbO.9 La 0.1O(Zr0.5 TiO.5) 3, Pb0.94Sr 0.06 (Zr0.53Ti0.47)O3, and 
Mel / 3 Nb 2/3)0 375 TiO 375 Zr 0.25O3. It is illustrated. Moreover, it is important that the mean particle diameter 
he main phase is also 1-8 micrometers. When the mean particle diameter of the main phase is smaller tharil 
Tometer a piezo-elecfric property is low, and when larger than 8 micrometers, since the mechanical sfrengtii is low, 
propert^ as electrostrictive ceramics for acmators is bad. The mean particle diameter of the main phase is 2-5 

OSrNext you m^iy be such mixture although constituted as the 2nd phase particle by aluminum 203, MgO, Zr02 

I at least ^ne sort of particles chosen from from among AgO, Ag, and Pt. Furthennore in the ceramics, the phase to 
ich the main phase and the 2nd phase dissolved in addition to the main phase and the 2nd phase may exist. It is 
Irably important for the mean particle diameter of the 2nd phase more desirably that it is [ 0.5 micrometers or less / 
micrometers or less ] a particle with a nano size of 0.1 micrometers or less. When this h^ a particle size of the 2nd 
ise larger than 0.5 micrometers, it degrades a piezo-electric property and is because the effectiveness of improvement 
mdur^ce is still smaller. The mean particle diameter in this case points out tiie average of the dimeter of 

tide observed by SEM, TEM, etc. The content of the 2nd phase is less than [ more than 0.1yol%5vol% ]. When 
stal stressing in which is made to produce the destruction in a grain lower than 0.1vol%, and it d^s does not happen 
this is larger than 5vol%, it is because degradation of piezo-electric physical properties is large, desirable - 0.1- 
;vol% - it is more preferably [ 0.1-0.5vol% of] the optimal. The 2nd phase consists of the crystal structures other 
n a perovskite structure, for example, corundum structure. Spinel structure, etc. ,x.„«„^„„ 
)091 The manufacture approach ofthe electrostrictive ceramics ofthis invention is produc«i by to^^ 
?oLhes, foTexample. pfrst, for example, they are PbO, Zr02, Ti02, Nb 205, Sb 205, and Cr 203 as a -w matenal. 
ecified quantity weighing capacity of each raw material powder is earned out, wet blending is earned out with a ball 

II etc for 10 to 24 hours, and mixed powder is produced. After drying mixed powder, temporary quenching is earned 
t at 800-1300 degrees C for 1 to 3 hours, and aball mill etc. grinds. At this time, it is desirable on a degree of 
tering for the mean particle diameter of the temporary-quenching powder after grindmg to be small, next, the 

7/19/2004 

«//www4indl.ino.BO.io/cei-bin/tran_web_cgL_ejje 



Page 3 of 5 



ined piezo-electHc powder - the mean particle diameter of 0.5 micrometers or less -- at least -- alummum 203, 
rSd ZK)2 m,d ono or more sorts of addition particles of AgO, Ag, and Pt - specified quantity mixmg - carrying 
-^ain^adl mill etc. - wet blending - it dries and mixed powder is obtained. In this case, it is desirable to 
e It rxed powder with a mean particle diameter of 1 micrometer or less. It is because a degree of sintenng gets 
bad J^^d the r«^f^^^ to expect is not obtained, when a larger raw material than 1 micrometer is used, even if 
ds wi* powde as an approach of adding at this time - or PtC14 and AgN04 etc. - *e approach of making it 
i u^kTg a solution may be used. Althou£i the mean particle diameter of the particle to add should just be 0.5 
SmeSfs orTss 0.1 micrometers or less are good from a viewpoint of a degree of smtenng and a property more 
rb?^Unde?'he present circumstances, by request, an organic binder is added simuhaneously and granulation 
Snroduced using a spray dryer etc. Granulation powder produces the Plastic solid of a desired configuration 

0 prL^ foS whii is a well-known technique, CIP shaping, injection molding, etc. Of course, tape forming may 
frfomJd Sout a spray dryer with a doctor blade method etc. Heat at 800 degrees C - 1 300 degrees C, and hold 
eS^sS for 0.5 to 4 hours, they are made to sinter in atmospheric air or an oxygen ambient atmosphere, and a 
'rS (impact fs l^^^ In this ^asef out of these conditions, the ceramics excellent m the piezo-electnc property is 
Dbta^ed It is more desirable to carry out short-time sintering at low temperature as much as possible about 
fio^Snpe ature and the holding time, at this time, in order to raise a piezo-electnc property, moreover, the case 

re the pTezo-electric powder containing Pb is used - PbZr03 etc. - it is better to suppress decomposition of PbO by 
ngement of a compound with the higher vapor pressure of PbO. 

imolel Although an example is indicated below This invention is not limited to the example sh^^ 
^VToduc^^ of example 1 sample - PbO, Zr02, and Ti02 it becomes the presentation of Pb 

52™ 48) Sr^aTwei^^^^ capacity is c^ed out and it is Zr02. After canying out wet blending and drymg with 

an mm^^^^^^^ tenfporSy quenching was carried out at 1000 degrees C for 3 hours, the ball miU^ound the 
pS^ quenching object concerned again for 24 hours, and the raw matenal powd^or piezo-decmcity with 
fSaS^eter wiA a mean particle diameter (it measures with a laser distnbution diffraction method) of 1 

om^n^fob^ried. TheS, it added at the rate of addition which shows the additive shown m tables 1-3 at Jis 
Zg objrcTin tables 1-3, and the ball mill ground again for 12 hours. Granulation powder is preformed and ttiey are 
to^^ Press forming is carried out to the disk which consists of a diameter of 23mm, and a dimension with a 
SesTS'2 5rL by the pressure, and also they are 2 ton/cm2. CIP shaping was performed by the Pressij-e. 
m These pSc soUds are arranged in a high-purity-alumina crucible and on Pt sheet, and it is PbZr03 for PbO 

ien?^aSo;pSes ?^timum dose arrangement was carried out. Baking conditions were calcinated at the temp^ature 
^Tin teWes 1-3 in aLospheric air. The holding time fixed the programming rate with a part for 5-degree-C/for 2 

[21 2) a test-method profit **** sample - Archimedes - bulk density measiarement by law was performed and 
tiVe d^SS wrconfputed from the tiieoretical density ratio. Furthermore, the sample was ground and formed the 

whhTS^toSs on .0mm. The electrode was formed by the ability burning Ag paste on both the principal planes 
hZ Zk ^d after impressing 2 kv(s)/mm direct current voltage for 30 minutes and carrying out polanzation 
ceding i^ l2o!L^^^ C silicone oil, a piezo-electric property and endurance were evaluated. Endurance was 
S^eH bv imoressife the alternating voltage of 2 kV/min and IkHz, maintaining a polarization fimshing sample at 

e^ees C^ra Sn^^^^^ impression was carried out for every sample, 1 minute, 10 mmutes, 1 

i To ho^ 50 ho^, and 100 hours, and measurement on the strength by the biaxial bendmg test was Perfonn^ m 
roXTd when Sie rate of change (after [ an electrical-potential-difference impression tnal ] remforcement / front 

1 ^^^^C^t^m^iffcrcncc impression frial ] reinforcement) on the sfrength in comparison with before the tnal 

\Srecm'^^^^^^^^^ was measured as a piezo-elecfric property. Kp was calculated by the 

owiS fon^u^^^^^ of the resonance frequency Fr measured with the impedance analyzer, and 

-fTsWF^atSr) f / rate of 2 transgranular fracture asked for the area which cames out SEM observation of tiie 
^Se siface of the strength test before electrical-potential-difference impression, and is canying out transgranular 
^^e from the two-dimensional image with image-analysis equipment. Moreover, the costal phase was identified m 
"x^^^tZ^dS^lclied whethir crystal phases other than the tetragonal PEROPUSU kite sfrucmre shown by 
?78i wiS a JC?DS card would be seen In the mean particle diameter of a sintered cornpact, tihe mam pha^e 
n Juted Ae average by the intercepting method from the SEM photograph using 300 to 400 particle numbers. The 2nd 
ise particle computed the average of the minor axis often particles. 
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14] 3) a result -'-these results are collectively shown in tables 1-3. In addition, * shows the outside of this invention 
;le among a table, moreover, t of a crystal phase ~ a tetragonal phase ~ PZT and UK show unknown crystal phases 
sr than a tetragonal phase PZT. 
15] 
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181 According to the tables 1-3, in No. 1-2 without the additive of aluminum 203, MgO, and Zr02 grade, although 
electromechanical coupling coefficient was high, it fractured in only 1 minute after a durability test, on the other 
d - aluminum 203, MgO, Zr02, AgO, and Pt - 0.1 - 5.0vol% ~ the sintered compact added and produced had the 
perty in which the electromechanical coupling coefficient was excellent as an object for 50% or more of actuators, 
the survival rate on the strength was high after the durability test of 100 hours. These sintered compacts showed the 
-er rate of transgranular fi-acture than 5%, and the 2nd phase other than a tetragonal phase PZT was checked by the 
stal phase Moreover, big degradation of a piezo-electric property was not seen after the durability test. Moreover, 
205 and Mn02 In No.12-13 added, the reinforcement after a durability test fell greatly, and the rate of transgranular 
:ture was smaller than 5%, and endurance was inadequate. Furthermore, in No. 14 by which the mean particle 
iieter of the main phase exceeded 8 micrometers, although the mechanical strength was low, Kp was low at No. 15 
h 0 5 micrometers or more of mean particle diameter of the 2nd phase, and No.17-19 and high endurance-ization was 
n the property as an actuator application was not acquired, respectively. In addition, as for an example, No.l, 2, 8-9, 
15, and No.17-19, the above-mentioned No.3-7, and 10-1 1 show the example of a companson. 
19] 

feet of the Invention] this invention ~ one ~ being high ~ piezo-electricity ~ a property ~ maintaining - while ~ 
ne high ~ endurance ~ having ~ electrostrictive ceramics - it can provide ~ two ~ electrostrictive ceramics ~ a 
in boundary - easy ~ it can strengthen - three ~ fatigue - a property - large - being improvable ~ four ~ electncal 
racteristics ~ degradation ~ being few - the ceramics ~ it can obtain ~ five - an electrostnctive actuator - bemg 
:able ~ high ~ endurance - electrostrictive ceramics ~ it can provide ~ ** ~ a rank ~ an exception ~ an operation - 
;ctiveness - doing so ~ having . 
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